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(54) MAGNETIC DISK DEVICE AND ERROR CORRECTING METHOD FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To correct the error of 
reproduced data by comparing a reproduced signal 
from a storage medium with a prescribed threshold 
signal and generating an error signal from an output 
signal in the reproduced signal exceeds the threshold 
signal and reproduced data to specify error data to be 
included in the reproduced data. 

SOLUTION: When an error signal is generated, in the | 
case a thermal asperity is generated in a target 
sector, a reproduced signal having as waveform 
transient by the TA is outputted from an AGC 
amplifier 29, and the reproduced signal and a 
prescribed threshold signal Th are inputted to a TA 
level comparing circuit 40. Then, the output signal of 

the TA level comparing circuit 40 becoming ON in a period the absolute value of the 
reproduced signal exceeds the absolute value of the threshold Th is transmitted to an error 
signal generating circuit 35. An error signal 23 specifying an error signal expressing the 
length of error data itself is outputted in the circuit 35 by selecting the logical sum between 
the output of the circuit 40 and NRZ data from an 8/9 decoder and descrambler 33 or 
either of them and when the error data are longer than the instantly correctable data length 
of an ECC, an instant correction is executed. 
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& J- 7 - f - * * U jE -f * - £ * 1 ft i: "t * o 
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*ffix.tz*- 7 - 7- 9 HjiE^«o 

WEi9-flr-S-^*^»T, lWEff£7'-:5'K#£*t;t io 

[St** 5] «**lKE«0*9-f»-^niEaE« 
UtEi9-«-!g-*J«ia»tt, WEJtt«EII»fl!>B»fll-S-i: 

Bo 

[B!#«6] H*aiCE«Oi9— t'-^ITjEM 30 

flrE^.7-€-5f-£j£iaii&ii> «rEJfcttiattoa*«*t 
«rEE««t#«#*» & <vm*kr- 9 1 commta ttto 
•c, x 7 -itt Lrtb*.i-<6, x.^-r'-^iTiEfSE 
S. 

[flt*£7] Bl*ai KE*Oi9-7»-^ITjE*« 
ffiEx? t 'J - K • 9 n f ? t **A* Sti^AC' 

gr,j_ K . ? n ? £ A ■> > h LT\ HtEff^T'- * K « 

[it*«8] W#S7fcE«©J-5-r'-*'ir3E«« 
tJE*'i'>^lB]S5^«^^^-^^> 7 ^^lH]K : S-iS: t tTv» 



2 

[ft*« 10] BMUKEiOi?-?-? 8IiE* 

iffix7-gti:I^>t, MEfl^f'-^tc-g-tft*: 
X7-f-^fi?^f«t5« i7-7'-^ITiES 

So 

Ml 1] n#«l 0lcE«OX9-7 : '-^fIiE 
JE^fio 

[i*ai2] i (cE^ox^-T'-^friE 

4, x^-f'-^iriE^eo 

[§*S13] 1 tcE®<0x9-T'-^iT]E 

tUEW^f'- * tc-g-S titzx.? - 7- 9 ©fi $ ©^ 
«±, «TEff^T'-^<0x9-7'-^O^-f fStCiot' 
#5Tf*> x9-7'-^iJIESgo 

[is*a i 4 ] Eftgit* h $mr- 9*m£.?zft 

[if *S 1 5 ] 1 4 KE«*>x ? - f - * IJIE 

[SS*S1 6] ff#Sl 5^E«t^X9-7'- ; ?fjjE 

ATE 7 > UV^^Stl^ti. 8/9 (0, n/m) "C«£ 

[W#« 1 7 ] 1 6 KE«*>x ? - 7"- 9 HIE 

WfE7Vl^V^«l»»±, 8/9 (0, 4/4) 
ft^-tfatlJiftfcSUBL.-CV^ X7-f-^iJIE^So 
[111*3 1 8 ] 1 6 i:Sf©x 7 t- 7»- 9 IJIE 

«fE7VV>^^WIbtt/ 8/9 (0, 3/5) 
fL4-t*D$lJiKj^^fflL.Tv^, xy-T'-rJ'lTIEfSBo 
[iffll9] E*«#*C>.«*«€»*i.fcW^«-9-t 

z_fzt z&ti-rzit&mi&t. frEJttSEEKotts^m-?- 

ffi-f - S- ^SK-T 4 -x- 7 - -©-§-4.^111^ 4: x 
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3 

-ECC*>-9 , :7 9 K-7xr;fr5£OiPB# 

- ?»- 9 Oft $ C C :* 9 -CUInJ 

CCt>f 7 9-<-CiJjE^*i:§»i, hEC 

Hie 

[«#*2 3] is** 2 2 ciB*oa»f*-f a 9 mm 

K33V»-C> 30 
|&fB/<— -> * ^ • V* • -7^->vA • J 4 9 *) V 

y V\t9y9.4XhZ>. *9m.W. 

• T^v-y'A • 70'J77 
WffiX- -> * A- • l'*sK>.X • 7*v"7i ■ y 4 9 

vyy n&m Lx'& j >irzixtz7>- 9 *mm^x. mm 
ECC*yVyyJznfTi-z^-Fy^7jj&,<onm 

Hft'ttli, IWEBPlMnE^SrcJ: *>*?-ffriEU E 
C C*V«f 75-f T ITIE^tB* fc iKrfEV^hEC 



4 

So 

[fi*S2 5] »*«2 4 fcC*©**?** **^tt 

mmyy hEca,z±>o^ ; 7-BjJEi>miEizi&*>b%:fr 
mim^tmmtmm&frb<oftikr-9 tt-h, x? 

Ttirffix 9 v»x , TWES^f - 9 \zist titz 

^y-T-9<DftftWm*!&%.-t2>. *-y-T-93IJE 

#SK*v»T, Ml:, »Ei>-«i:*^»T, fit 
fBW^T*- * *t£x- 9 - f- * oft S Sr!|#5Ei- 

J-7-T'-^iTiE^fto 

* IC-g" $ ti& J- y - f~ 9 <Dft&Wm t gi y - T- 9 
Oft££!|#;gU 

tfFffi J. y - T- 9 Oft £ ^EPI^iIiEBrt6^S^*flBf 
U 

EPB#fIiEBrte* t £ JiBPB#IJjE£?£fT U 
SPNFfJiE/Pt6^i:#{±V7 h ECC^Ifitl,, 17- 

M2 9] m*&2&KUm<?>^y-7'-9mjE 
■fimzis^X. jgK. 

tfffEV 7 h E CC **fr £ft«*£^g»£ft*& 
[0 0 0 1] 

[H^WStsaM»] -^tcn vfcT^- 

B5. vmszr 4 * 9 mwsox- 5 - mttm ic w-r z „ 
[0002] 

[t<fe*o^] /<- yfjv • o.-i', *7^^.- 
3 v tf i - 9 % if <r> O A life^ ^ K £ e> 

fltwha • • tc^*7 r -f *<DmmtfMi%Lxi3 

/^M^- Kf-f ^.^ & 5. 2 5 >f , 3. 5-f> 

[0 0 0 3] *ifi-ei±> m^r-< x9mmi l zis^xit^ 
*9M#<»tmwBt<Dfa±, x\£>vn,m$m 
v&mimiz x *) r- 9 mmmmwnmttmtfm h tix 

(magnetoresi stive) ^7 K**^ffl $ *li&i6r 
[0 0 0 4] 

iftwiimikL'ii t-rzwum] Wikm^v vttxM 
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5 

$m&t>V&m/W£.^v K**3 0-5 0 nmSgjSL^ 

J: 7 ewt*?*.* £"ts t , SB^xV * 
»ffr& t iB$&S ft**:** f5ii/IS£^ * KliiS^CxV * 
•^^#«^!C®* L/-i it^*) #±ffi£& < & S e - 

[00051 l^l> — *-c, z <om%,r ■< a? m#-<d 
mmmt*iBM<otzit>f r 4 * ? m^iz^m*^ t s £ t a* 

So ;©J: ■? &3?jgt-*|-l.T(i, Eft/If^?' Kfife 

So 

[00061 inf.t'iroiacioT, teii/w*.^ 

Ki&fg*»aiSWK, ifc/i s e c. <D*- 

tfc^O (08xlf, IS^ s e c. o) jHEMIM54FejB 
BUT, £©a«ttH8IBKJlsa-CS***L*» ffiliUflS 40 

So 

[0 0 0 7] i«)J:-5 4J*tta*l6*SJfcO»WK 

Zimittf^mtts:*). ®m*m%mWL*)m*) (Unreco 
verable Read Error) £-£££-£TV>So MRa-; K«D 

• f- -f (T A : Thermal Asperi 50 



6 

ty) ttLtwi,, 

[0 0 0 81 ZW-Tfr • 7-X^'J r 4 &ML<OHf££ 
•TSHPF (High Pass Filter) JffflLtF7>^i 

J— £*-;l/Kf4AGC (Auto Gain Control ) @S& 
X»itt«ra»8i1-*i.**C«ev» J: -7 tt-B.PL L (Phase 
Locked Loop ) Efi&fcflJfflL-C. KStWW? 

[0009] Hie, 

ft-fcECC (Error Correcting Code ) ®KtcJ:SBP^ 
(onthe fly) ITIE<9 'J * /<U - (ES) &tfe£«ffl L 

Tui. &.±.<ox^^nx\t, r'~?m&& 

C C [3I& OEP ^BTiE^tl «t S UiE pT t6 & ^ ft * » 

[0 0 10] ^Atf. 3^«(0/n- K^xT^^lci^E 
CCHKOpOITiEf'- ^ftli, ffl#<OJS^,T'-< 

tee.'CID, Z\<Offllzmm$tL&r- 9 

4 hOf-^t44= let -9— -T^Vf-f' 

UiE^tg<75tfe**iax.-C^<5, ECCEBS-ClifcHaLl-S 

[001 1] ffiot, ^igii, fB©Ji#^t>w*$^ 

>tr'-^Oi9-7'-^«-fTiE-tS^*, 
^IWi7-f-? £#5eL*#S^7-T'-?fTIEg 
e^fttt-rsctSrlKlt-tSo Mtw, 
«M*#> *b ? it f- * O * 9 - r- ^ * ITjE-T S /s 
H^T'-^^-&tnSi7-T'-^4-!if5eLI#Si 
9 - r- ^ ITIE^fe i titt-r S i t * g M t -r S o 
[0 0 12] MK. *%^«±> 3E.t LT, MR^*/ K i 

iz x s m r o^tamn^M * k m 

Bt^S4i7- 9 -). «rtfca-t&#«* 

s-fiix, ji^. mtt i-s^esr«x.7t«i^; 
t- ^ ? *att-r s i t z § ft 1 1 s o 
[0013] m%r-< xtmmiz&^x 

9 - i^m-r s ^s-jitti- s c t * i w t -t 

- i&m-t znmRz/mm-t s*ft^tt«-r s c t Sr a 
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[0 0 141 

h ^ 7 — m^ftfSL t i ts x x ^ z o 

[0 0 15] MIC, fri£^7-'fi-f-^*-i>*v^T, fflrCB 

[0 0 16] Jij*cD^7--T-^sJjE^S^i3V»T, S 
fc, mt^^-m^tV- K • *n 3 *t* 20 

[0 0 17] ±i£OJ.5-T'-^fIIEgSlci3V»T. 19 

-f-*PiEg«K:fcv>T. MIC flJ|Bi5-«^-t 'J 

— K • ^ □ ^ i £ friS ^ > ^ IslKSr'fSix., K 30 

^y-m^nftik^x^zmm, mv-v 

Oft £ £#5e-T & £ t *>-C § -So 

[0018] ^y~m^r<o^.m^ma. cmtum^m 

2<DjjmK£iX±ffcirZZti>X&2> 0 SP*>, 

tSrfilx, lllME^T'-S'O^VUV^WttK*^ 
T, x?-«*«rt*t4¥StR»tt, x 7 -it«: 

[0019] cos^, flirfBr'n-^tt, 8/9^3 

- K«-»ffl-t-S*t'C#-5>o cot §OHtrlB9 >io>y 
*$IJfttt, 8/9 (0, n/m) T*$*T-S-tfnf!Jjft£ 

«tt, R*i^*e»R*tt&*ifcS£«*fcBf£OPMi . 

*+*it«iattt. i»KJt«iatt©ffia«^fciiMB«B« 

*i ex?- ore-*** 



8 

2 o 7 - «#■ t i * ¥i£ t £ tt »t r 0 
[0 0 2 0] MK, ^fS^t^*^^ **l£tttt, 

±^0 x. 7 - t»- * iheses «• fig £ fcis^f ■< * 9 mm. 
xi>z> 0 jsk, *$>w\z® t zm%7' < *9$tw.\i. m*. 

T4 9.9mitlzUmZtltzr-9*s*-*sv)U • l-X<i*_ 
• 7^->vA • * 'J y -y PtfJUHfti 

fBJfctfcEH&cDffiTJt, ttE'<-$'*A' • l^#>* • -7 

^ftfflLT, Mf f - ^ ©tox 7 - f - ? ©IMS 
tfftSfc^-f fc^ISi, EC C*Vf7 7 <f**fT"r 

UTtSfgt, ltfrfB^v-r'-^Oft^ECC* V 
■»f7 5'fT?gIjE?MI4i:&«. ffilBEP^ITIE^SlcJ: *) 

tt, Bt!BV7 b ECCKJ: «)i7-BliE-r^>^t^fig 

[0 0 2 1] Hd, ^ggic#-&a^7''f x^Sfli> 

• + • 74 9V yy h'*tizmLX&^ 

<r>\zv Y , &*mk-fz>7*^-9~b, mun&.r-9<D9 

t, «rfB^7-#-i-*^:fiSci-^^e-C^^tt^iv- 

J9>)77 h'zmmLxm-%2titzr~9*$imLx, 

1--6¥©t, ECC* >f75-f *JMpr*^- K*x 
T**©BP^iIiE¥Sfc, V7 h ECCSrH^Ti-^^S 
t, lf|Bi5-f'-^Oft$**ECC*>-9-*77'1'-CiT 
jE^TttfttStt, «flBiPB#BJiE*Slci *)^7-|IiE 
U ECCivf 7 9 -CfIIE^t6=& t ^tt, MIBV7 
h E C C K J: 0.7 -triE-r'&^St £figx.Tv>£ 0 
[0 0 2 2] MlC3|s:^^H#4^9--r-^iIjE7jfe 
tt, IB««#*»C>«*Wfe*tfc|ffe«*i:ff3eoiM|[fi| 

^•^mTJL, !9IBM-f-i:«rS§B^«'»^*bOS*T'-^ 

Itrffii^— fi-i-fClfe^T, tiFlB^ir'-^tC-g-fKTt 
X7-f-^<OSW^t4, J-v-T'-J'fTjE 

[0 0 2 3] il^^^ic#*iv-7 : '-^UjE^ 
tt, m%T4 x9Mtefrbm>iLZtitz7'-9 iz-sttiz 

^9-7-9<D&&Wffitm3-7-r-9V&Z*!&fc 
U «flB^-9-T'-^OS§* t fiPB#iJiE-BT^S*^*lJ 

Bfu ap«faijE^rt6*fc*»±ap»»iiiE*iiff u» bpb#it 

IE/Ft6*t§ttV7 hECCSrifft*. x5-f-? 
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[0 0 2 4]'' 

m%7*4-*i'<n£;wm&.'\ bib, 

tV*-***!** 3. 5 4>1- -."-Vf* x*Mb' 10 
PflffL*4©-C*0, ±iLTPC (Personal Comput 
er) m<V*)r->* (Server) t LT'Kffl £ tlX V»& 0 
10 0 2 5] ICl^f-l **8fiM\ yn'/^lfit 
«B&-f*i:,. h • 3>tfj--^ (0^-fo ) K*t 

*-.*m1l«l K • 7* 4 • =i > H D-7 (W 

T* THDCJ fc*v»-9. ) 2t, :<0l^f-(^^ 

TMCUJ fcfcV>-5 0 ) 7t« HDC 2 tie^/S^*IJ 20 
flfflSl 4 ^^LTgi?tifloMCU7tVCM/7 tf 

2 4, IBS/Sf*^^ Kl 8^*F l 3^L7t:7'^X^ • i 
>?p-yt (»T, rDEj tfcv>% ) 16^*fH 

xrv^ 0 de i 6 *&^tz&m$Lmm\i.. 2-310 

[0 0 2 6] iOffi^f^^IKOf-^tt, 30 
a>tfi-^ (HTF-tir-To ) tHDC 2O0I± 1 6tfy 

\-j*7«r>4 >?-yjL-x i -ei£&s*u HDC2KJ: 

•) 8 kf-^ Kf-^K^&SttTNRZ^'Xfg^ 2tL 

1 4 K X 1) X 9 Btttt* 2 4 tea L£ 9 tf ? h 

LTIi— SCSI (Small Computer System Inte 
rface ) «-«ILTV>i„ 
[0 0 2 7] m&T'j *9m.W.<n>&yw 9 

(hdc) 2«±, 7*-* • 7*-v? vmmuz t, * 

;* h • - 4 7x-*IW*ll8B4 t> 7-9 • 
yr(&mU5t. ECCMM 6 t*mLX^Z 0 f- 

? • 7* -Tv i-3>t:i-^ (ei 

**b£^7m x*&#2 4 icfsa-r^tcjiu^®* (7 

t-7-;H Kfl^HtU Sfca^f-f ^i*-^ 4 ri> 
*b«£S*lfc7'-*£'i >9-r7*-A 1 i^-LT*^ 

fcjs, 0tc^UTV»*v>56*. • 7*-t -j Y 50 
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«0«»3Ort»»=li, ^-CH3tCH«U-CI$t^^S*^ . 

[0 0 2 8] h • • -< 7 x-*WiPgB4 

) OO^x-xtlWti, 7-9 '*vy 
rtitmU 5 J*. 7*- 9 'A*7 7tR AM (Random Acces 
s Memory) 1 2*«*«S*U I^f^?lfl:2 4^t> 
HDC2 U**U g^ft£7'~*£-!$8jKS:»LTm 

^.hnvkfi-^ (IH^-ar-fo ) *»t>HDC 2'tjsJ-Lx 

lzWmtxmfc<0 9 J 5 >?"C74 Z9 • iV^o-v* 
t (DE) 1 GKSai-taWSrfi^c 

[0 0 2 9] ECCIW«I8&6«±, /N-K->x7CJ:ot 
#Jft3iifc*a©i5-inE[3tt-C*»K iiHtOSm 

*^SMTli, £;*:9^-i 1 (fi 

«f«0i7 -fI3EllK-Cfc 2 0*U h) O^ **BP^IIiE 

(ECC on the fly) 4*?Tlft-C**o ^o"C, 2 O^'-f h 
^@x.-5»i7-7'-^lc^LT, ^-rs«r i:{±ai** 

[0030] -sstc Eccsoffiigee-f^^tviip^ 

F2X>>nV *<07'-^ : &K*mL7ti: iOM-f 
h'*0*»«».t'f h^ f ft^ITiEtl*i:$tt-Cv^ 0 BP 

JQLlQ7-9<0¥$-<0 rX-XJ H t%2>o Vt-oX, 

4 h*1&z.i>m*)7-9it. EP«FlIIEi->&ii:t±ai*^ 

[0 0 3 1] cntCjttLT, V7 h ">iT^*-efl|j«$ 

tt/c v 7 f e c c t &m *) mttWLf s *> 

y h ECCIi, «MIBfMK# 2 4 CEftSftfc T 2 X^' 

H ft^-f-^S-^rSBSE^aJLT. RAM (H^* 
"To ) H:-lSf Lt, i©i*tBLfcf-?trV7 

7 hECCOm'JfTjEtl^ti, 2XA>f H«7'-i'i: 
[0 0 3 2] iOV7hECCIi> •) -T- ? <D@j?f 

(bp*>. *9 9%.tiLx, %ma>^m<0 7-9ix<om 

£o ) 5.U f K»)7'-^iffOft$* s flW-rii.(f. HflL 
V 7 F E'CCIi;© J: ^ iti^tt***, — * 

-c-ta, 77 h Eccsff^ti-r-r ^^«t^»*iate»t» 
msk) t%*), mtmmt-ftm ^ ^ »f l . 

[0033] vOno> h n— .9 • 5» h (MC 
U) 7li, iW{S^7'^x^^11^:#OftiJ^^4:ffiSi- 
SCPU8i:, ii-§-WI«lSiS|5lK (Signal Control Log 
ic) 9 t, D/A^^l 0 t, A/D^tl 1 1 t £ 
mL. z\tlh > s f~y ~?<D LSI Xffi$L £ tlX 
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vcmi 9<Dmmmm, ^^>k^-^2oobmi 

Sitic ifc, CPU8l±ROM (Read Only Memor 
y) 13fc«*3it, iOROMl 3 tCliC PU»ft«0 

»i, C©C P U£=b FUSEES -C*&o 
[00 3 4) f-f^^-i>^n-yt (DE) 16 

w-c^ »> ft >> f * m&* m fen-k # * earn*- * e»/ 

ff4^'J7vyfflK. (Read /Write Pre-Amplif ier ) 1 

Kl 8 *IEi6L-rfiS^T''f ^^l#±OiWfiI 

,(£IT> rvCMJ ttv^, ) l-9it#LO>4, 
[0 0 3 5] l&ft.T4 A?M&2 4 14, ^Hlfe^tR? 
Ji, 1 0ftO7^5-a 1 ?i^ifiOP51i:Iv>)8tt 
»R*£*Lfc*«>T\ -frW-Tl 8 G*U h-OBtt** 
Sr#orv>-S 0 E#/ff^> Kl 8 14, I5$5ffl«0il# 
JB^y Kiff4loa«ffl)aMHI5 (MR) ^? K*fc' 
*««'6iBa*^f K-C**. 7"J T>-7®&1 714, 
fMt/W&^y Kl 8TW£3ftX»*lftffiS;rifc«*« 

14, WHttlWHaDCy*'/!/^ • *-^i«<6ffl 30 
SilTV»* 0 aK'f.X • 3^f;i/ • *-9 (VCM) 19 
14, B*/ff4^» Kl 8tf^ X?$£te2 4±<OlW 

tLTV>4. 

02 14, El 1 ©I^f-f .XiJ'WJ&Ort, TA*4K 

So £©^5-«^£l£[II8§:/n/;>;5M4, UliiOKS 
•Citt^-Si:. HI 1 ©£±¥#1^1-, JS^r^*^ 
*MH2^li#Hr/a>*-Cgtt. ) 2 4t, El/^ 40 
4^7K18t, ^T^HHel 7 t, E«/S&W 

[0 0 3 61 E$t/S£^? K 1 8 14, LT, 

MR 0B4ltt£i3bjM&) ^ K2 5**oTV»* 0 yj 
7-/7"l 714, Lt, MRA7 K 2 5^©?? 

£.m**W*tZ>-fVT>-f2 7-*toTV*& a E#i/ 
¥f£D]HHN«Pfln 4 14, M^tLT, yjTV/2 7 so 
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ifi)®?! (AGCTVy Automatic GainControl Amplif 
ier) 29t> (1+D) 7-fJ^30t, (1+D) 

K32t, *9X&tii®l&frb<nT-9*1g.^LR^A 
9 7>7 ! 7ZM&NRZr-9 (Non Return Zero Dat 
a) J:Ltlil7Jt4 8/97'3-^y r f •^?7>7' 

7IK3 3t, ■9->^7S^37'ff3 l*?)©^ 

V9^ ^.m^r ££lt-C, AGC7^2 9, -<r>y7 

xrr-f a?>ff 3 i , \£?\£tkm®&Ru ! 8/9r=i- 

VBlVT ■ X^7>y733i:'J-K-^D^RCD 
L K 4 1 imttiri, P L L (Phase Locked Loop ) 
34t, AGC7>7"2 9i 1 ?)<077'D ^W^fif I? 

mnmOML imZ-ZmmtzVOmaiJ-tZTA (Thermo 
Asperity ) l"OVit&.]3\f& (TALevel Comparator ) 
4 0 t>. TAU^;l/lfc®ilK*"b<0lii7Jf f i 8/9 7" 
3-rS.y f r'- X?7>;HIS3 3*f>ONR ZT-9 
££lt^-7~fg-§-2 3 Sr^Lrm*-t-2>^7-'®^ 
j£H!§3 5 tlr«Fotv>5 0 

[o o 3 7i ztibvwfkmms&mmnft. (i+d> 
7-fM3o, f/^s^-f 37-(f3 i ^tftf? tr 

«ai3tt3 2*»e>*4«*EHH±, PRML 
;P • U • vvA •7-f?'J7i' KPartial 

Response Maximum Likelihood ) ©^ v.X 4 Sr-dgffl LT 
v^o £©PRML14, n&m j ilr<?>m&frhr'-?*tk 

m-r**feoiofs>i9, r---^ «*iE--rss*?SEB<7) 

[0 0 3 81 AGC7>7 , 2 9IJ, yj T > ^ 2 7 frh 

JgK-W»i-4J:d«l6-*-**Pia»-C**o AGC7> 
y2 9t±. -9— • 7^^'Jf-(l*#4i:t^ 
S^.«-§-<0«itgft^gLrt4<0SrKihL-rv>S o (1 + 
D) y-ifr?3 0\U LPF (Low Pass Filter ) SC^ 
h (Boost) iHlK^'b^l), AGC7>7 - 2 9* 

[0 0 3 91 tV7"7 -SC^-^ 3 7 -ff31li, fig^T' 

■< *?m&2 4&hm£.zixtzTi-virn£.m j %i*)-> 

7* 1 ) > ^ Lloi > 7"'J > 1 , 0 7-91Z 

[0 0 4 0] S/gfn-Wf' X^7>7?3 3 



(8) 
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{*, *ty-f , 7'$XF4 37-ff3 lf£|ft$*i*:9 V y h 
f — fr 'iGL-^LX S \£ y h N R Z f — ^ t L, IC C 
©f- f £ fe»*<0 8 / 9 x > 3 - If* ? 7 > -f 9 
3 6-efrofc** 7 vy^&gSrJS'C^SS-fi^o PL 

AGCT>7'2 9, tV7 , 7SW^7'ff3 1, tf* 
e&ffi®B&3 2X1^8/9 ■ V/ 

9 3 3K&m-t*o tvyvSW 3 7-ff 3 l-Cli, 
i WV C O ? n 7 ^ S'tvy-'J V7 • ^ n (TV- 10 

k^d-^j Hv?. ) t Lx&m-rz>o 8/9r 

3-fr%.ZfT • A?9>77 3 3 11, VCO^d-^i: 
ra^b^ttfcP L t> 'yyf^m (13 3 (A) 

OPLOtS) hm#f^?L*>±.i?Z>")- K • V- 
RG4 2£^fflU Stf-^J«iUNRZf-? 
i: LT, HDC2KJ*LTy-K-*n«y*RCLK4 

RG4 2lt 'J- Kl&ff^Hfi^ifcU HDC2^'J 

- K • r- m-^-R G 4.2 imm-f&z. t ic io-r«js 

[0 0 4 1 ] JEK. P L LESS 3 4 (±. Hf-T^ • 
x U x ^ S#t**£ C Wfeffi^Offiffi-r fi K. J: & 

tt^^-t-So TAP-^;Hfc«ll]K4 0t±> AGC7V 

TAU^JfcKEi&ffiAM-^SrONffi^-r&o 
[0 0 4 2] «-§-£&II]B&3 5I±, 8/9f3- 

• X^VT^S 3^f?NRZT'-^i:, TA 
l^;ktt&[HB&4 0 3&><b T A W^^ifc^EKai^'la^Sr 30 

RZ^y-T'-^OWra/ilt^ 15- ff#3 3 SrONttJ 
2j LT, HD C 2 KlStf EES 4 5K**L 

[0 0 4 3] JUfcftKli. 06 (C) [^tTAP^JV 
Jtt£I38&4 OOtitfim-^t, 06 (D) K^T^-v^ 

L£NR Zf-> fctf^ f&S*0 (OR) Xttv^-fit* 
^^MLt, 06 (G) i:*ti5-W3 3S:4 

#^>*[I]S&4 5 Kj£ffi$*L&o |H2tc^i- 

«i, b»*4:lt. k • *?mmu2frhm% 

B«**2 4K:»&i&trNRZ7'-*2 2, 7^^- 
HI*WGXtr?>f • U7^WCLKSr§tK, N 
RZf-^22 Zft^itLR-zX? 7 ifrlt-yz 8 

> n - / J ^ ^' 7 > y 7 ^ Oft* t 1 / (1 

+ D) OSE»*tf-5 3-^3 7 i:. 7*)*-?frb so 
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0«-5"fcS*t9>f h^^O»«*rfrdE«ffl*l« (Wr 
ite Compensation) UBS 3 8 B»ffl*t«E]f6tf>kO . 

8»c3l*E«fflFF (Flip Flop) |»3 9it»ot 

[0 0 4 4] yyr^^Elttl 7 14. EflWfcLT. IB 
ifflK7^^2 8*^, FF 3 9#<bOE«7*-** 

k 1 8 i±mmi&<vmm^y k 2 6 *>> umm 

^2 8^0«£j&*KS£KJ:oT«^^>f X^SHfc 
2 4i:MLTf-^*tlMo £«>E»#iafM?*«> 
8/9x>3-W^7>r73 6li, EH* 
(7)8/9f^-Wf • ^^^>?73 3^ffli:3& 
cof^ffl Srtf vn- K • 7»-f ;OW»»2ri*?>fi&5lE« : 
##2 4K»£i&trNRZf'--*2 2, 7^fby-h<l 
fWGS(/7^ h •>D7^WCLK^^K, BflUB' 

7jHl^tV^ 0 

[0 0 4 5] ^3-/3711, Eflk#«> (1 +D) "7 
4 3 OOftffltiJS^ffltlTV^ B«ffl7'-^*-J* 
Ul/ (1+D) Oifi'jEJJktfTdo B«ffl*MK (Writ 
e Compensation) 3 8 ti. **fS#t~"<^^ ^ ^ > 
«) t*»^B»+*^-f ^">^*1*?> 

ft* JwOitT. B»Lfc«t4 f S4-CS4<4 

[0 0 4 6] ££T% H3I4. fiS^^ * 

^V^ft-hi^UV^o H3 (A) Itj&^T 

(B) i4S^^tt/cNRZT ? -^**L> S3 (C) it 
'J-K^D'^RCLK^U 03 (D) It y - K 

[0 0 4 7] B208*f^>«#2 4±lcB^^tt 

0. *0>f Vf 7 ^ ^fltt»to-6-aoE»9«S:, 

*> HI 3 (A) \Z7fctl*9 9ftV>7*--'lry*—^v Y 

n 9 >f^f [UK 3 1 oH8ffl^««"C*4TRt % . 
^51 §a*i«»T LWJtfW^T LfcC t ttfttti" * S B 
(Syc Bytes ) i:. B«WiK9-f/<2 8S:^Ltj8^f 

ATAWOi^^ai • fTiESr^f^ K"C*SEC 
C (Error Correction Code ) EGCO^OfTIE^ 



(9) 
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tajafcRtt.Mtfc I D»(Dfx^' 3- KT-$>£CR 
C (CyclicRedundancy Check ) t > ^<D*fc ^ ^ 

? * 0 K J: £ g $ <Z>H Z (RiR-r * a& <o G A 

[0 0 4 8] ^^)J:^i7*-77Fi7)f-^^65 
KE«Siifc«ft7*'f **&#2 4 (EB l#ffi 0 ) 

14. E«/S^y Kl 8 0»4fflArK (MRAy. 

K) 2 5 i:<tottai?tiio £0W£flW4* yyr io 
>7"2 7"C«ffi*ft. AGCT>7 P "C«*IBSE3*U 

(1+D) 7>f;V^30, t>y7SW^7>ff3 1 

*rrif^if*aia»3 2*fe«/ftsfL&, prml (p a 

rtial Response Maximum Likelihood ) 0^7^40f 

iSOS4NRZf-^2 2tLT^ HDC2KgoT 
v*& 0 123 (B) 14. CIONR 2 2 SrSLTV* 

[0 0 4 9] P L LHK3.4-CJ4. t>77S^37 20 

5 (C) C/Tf^K-^n^RCLKMiSfL 
So 0 5 (D) »:^t , J^ , K^FRG4 2|i, * n ? 
*3l*i£*S* (B3 (A) <^P LO#BB). tnWptiSt 
*±#!K NRZf-^»7t*i:i^TOo 
[TA**|&£L;fc»^"OJi7-«fcffi • HIE] 0 
2 OT Aft&tc J: &^7~M#£j£OOfca&tf>[s]8&:/n 

A 3i*«^ L 7 —7—9 <D&&RZfZ (Dm *) IT 

I0 0 5 0] 04*4. ±^ L^-x.^-t'- * l,zmi-2>^ 

7 - f - ^ OIM 7 - f - ^ <7)g $ (7)^ffi ^ 

%> J- ^ - 7*- ^^^7 - UiE £ v^-f fLO^ST*ff 9 t^co 
ft3fe*twfj-v»T^»f^7n-^ir- h-C** 0 05 14. 
4#tU, TA^^L^^Oa-^^r'-^CD^m 

h 0 05 (A) I403 (A) fcfi C«H7^**li#:2 
4±(7)f-^7^*-V7 FS-f L, 05 (B) I4TAW 40 
^;Vit«B»4 0OA*«-f"C**, AGC7>-/29 

S4fflfi:«WTh 4:OB««:«U B5 (C) (4 
T A U^^KSK 4 0 Offi*^ ^ * L, @5 

(D) 14. 03 (B) fcl^C. 8/9f3-Wf- 
^^7>77 2 3^<bONR Zf-^ 2 2 05 

(E) 14, 03 (C) fcBC. PLL08&3 4*feO'J 
-K-?o^R.CLK4 1t/7U 0 5 (F) (4. 0 
3 (D) kWC, V-K-y-hRG4 2*/TU 05 

(G) l4Jiv-«-§-£jfi|5](»3 50ffiSTi^)X7-i 50 
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f 2 3S-/TU 0 5. (H) t4*^>^[lK4 5 (0 6# 

fig) (Omtli^LX^ho 
[0 0 5 1 ] ::t% ^y-nJsE<DXm*#l<0 (1) 
rHPB#J.7-UIEJ t, (2) rwhECCJ <02il 

'T4&§£fk'rz>Zt*®&i-Z>tzib (3) f£tt«l*^ 

(1) BPII*J.9-ITjE (ECC on the fly) 
01 OECCftlJfflIgB6(cJ:^)J.7-iJjET*^> 0 IPB$jc 
v-|JIE(4. ^j310X7 -fnE-C&& 0 fiP*>> ECCfiU 
«SB6 14, K^^T*A^J:o-C«ja$iifcflPiiO 

Ktfe 2 0'W h) (On The Fly) pIE^X 

mx&Zo 2 0^O«Ux7-f-^|; 

[0 0 5 2] — E CC»J»»6"CHfl S*t&fiPB# 
HIE (ECC on the fly) "C14. 7- * £JH#cM*ffi 

-OiPB#fJIE-CI4. 2XA>f MOT'-^^t^tULfc 

Sftrv^o IP*>. BPB#M»9iJIEOtg^t4, 2X'W h 

'U b*M3L2>m*)T-9l*. *mtSjE1r 2> Z t I4ffi5fc 

( 2 ) 77fECC 
V7f *iT#Sr*J*$*lfcy 7 h ECC^if^ 
OITIE^ST^^o 77 h ECC t^C0^7-fIIE-e 
£>£o 08*. 14. CIRRUS LOGI Ctttf»£jB*i» 
KA#L?#*^— Kt*4 • n> Fn-7ltSH7 
6 0 0t:rtISftfcV7hECC, Q LOGICtt* 
'bA^LW^/N— Kf^f • n> Fn-7lfATE 
CU^jg^tL^V^ h ECCittfflt^it^-C^o 
iOV7hECCIi> ffi^7^^«#2 4CEi$n 
fc2X^ Ht^-^^WR^BLT, RAM (0 
T^^-fo ) JtK— Iff Lt, C^tHL^f-^i 
V7 h ->x7»f:M!)liiEt-6fSr*^ 
-f h*^#»-»Lr|R9trjE"r*ii:3&»Hi**o. HP^. 
V7 hECCOMl9gTIEtfe*(4. 2X^M hftOf-^ 

[0 0 5 3] :0V7hECCIt i^f-^^Igr 

#>5>o V7hECCIiiOJ:9ft*«im^ 
"CI4. V 7 h E C CUff ^lif-f ^ ^ iftlillCtt) i: 

[0 0 5 4 ] *»WC«4, ^fl(:fti; -9 
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#5et p h <d y * 9 - w je k & a z> mnn ra -c § 
(3) xft«*^e»x««a 

[0 0 5 5] iitfcFJCfMSfcKJ: >K Jtttttft^x?-" 10 
TWfrV? >ECCTfIIEL*:|fe. ajfcr'-f * * *M* 

m-c$>*)> 7 r - A 9 i 7 Biiian J: •) SSftW^I 

(05 (G) #Jffi) K£*>* t-7^-7^^ l J7 

[0 0 5 6] -tL^iP^FJ-^-ITIE 20 

(ECC on the fly) , 77hEC CRZ/£ft«i*^ai& 

1% 04^fyySlOO-eti, CPU8li^>^7 
i-J* 1 *<frLX*A h=*>\£*-9 (H**i*o ) 

- K • K»^^li^T7yS 1 0 5 fcii*, ■ 

£ £ \±A/r : y 7S 12 0 tcjt tr c 
[0 0 5 7] ^f7yS10 5-Cli. S&ttffc** 

ho Xf-^S 1 2 0-Cfi. .x^-tf^v^EIBM 5S 30 
^1/^^0114 5 '(H3#flB) it"*v h L-C*D*HB 
KM-fo Xf^S 1 3 OKilfro Bi6ii> Hico/N- 

4 5 i:l/y^^EIK4 6^Sto * * V * HK4 5 ii. 
'J-K^n7^RCLK4 1 tCLKfflfC, 8E«/S 
£*I»«R1 4 (H2#fiS) rtOi^-ffi-^ffeilalttS 5 

RG4 2*CLR1K, ****** r-?<Dl±? 

fRG4 2 O F F IC £ *9 (123 (G) . ^-7- 

[0 0 5 8] * -r y :/S 1 3 0 "CI*. ^^StMti^Jt 

t *>v>?o ) tcggtr. U - K • h RG 4 2 Sr^ff 
t&o^f^H OKittfo ^f^S14 OTli. 
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h*flM&i-& (H5 (D) ROf (H) #fis) 0 . 
^f^S 1 5 OK&tro 

[0 0 5 9] ^fy^Sl 5 0**Cti> C PU 8 
ffi^2 3#l&£LTv*£*5**«Ki-£ 0 ^9-«-S- 
* ? *4LT^4v^ iti^xy :/S 1 5 2 Kit*. 3&£ 
Uv^iSl^fyys 1 6 OKJltro y^Sl 
5 2*Cfi. CPU 81*. jl-^ -(H^* 

-r) *6*>u- k - n-^> k ^??-^S 1 

5 4 tcjitro 

[00 6 0] ^f?^Sl 5 4fli, CPU8li> Wtfr 

£o »7U4^i:|li^f7 , /l 3 0 Kit*. ^7L 
T^&4<btf«*«l»?»ft*»7i-*o XTVfS 1 5 
7-Cti. CPU8i2> > • -fe* *<D-*r**#-?- 

<*mm -t*o bp*>. ftffcfc 
^5v>r. •r-^BMOR*) oj*ftt4 4-t^ ->feoSf 

[0 0 6 1 ] ^C^K. Xf'^Sl 5 0tX7-gt^ 

a i"<;vjttfc08& 40^x7 -M^^nitt 3 5 

ift£\ AGCr>7 p 2 9^^, H5 (B) "5 4 

-5§-;&*ffi:tj£*t&o Z<D£ 1 ^AGCT>7 P 2 9**feO?f 
^«*t»r3fe<0lB««-§-Th't^ T.Al/^;HfcR@B 
4 0i:AJ8W (H2Offf4 0#l) o TAl/^ 
imm&A 0-Cii> H5 (C) ^^i"<td*. 

j£ii»3 5 ti^m-r^o 

[0062] roil, Xf7^S16 0tii, CPU 
8tt. ^77 ^1 4 o-c*^> hZfflt&L^^-r-f 

V] SrUv^^@tt4 6 (H3#HD.*z»Jfti-*o H 5 
(F) tc^-T J: 9 'J ~ K**- FRG4»ONOt 
!Pt)f*^ ^ ^ 2 4 * t 5 - 9 £ m&M Z> ttft 4« ^ . 
i5 (G) \Z7F*±*>\Z.3-J~tife2 3iW^)it 
0»IW, 05 (E) i:ftV-K^n7^RCLK4 1 

/^*#^if-£-^-e£, fOflt H6 (H) tc^-r 

[0063] Z<DiJ<y> H1-C*^)A/nM hti, l/v^ 
^@i^4 6 — ^Sa^tL^o Uv^^IHK4 

6«±. Ht^»Wl«*2 1 t Lt, CP 

U 8^ffit^)o 7s*?v-f\ 7 Q^JiOo xf-yfs 
1 70-Cfi> x-y-tiV >^tUK4 SKilK ^^-t* 

[0064] ^77^5 18 0X1*. C PU 8 \±, 3-7 
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(H&-(G) MR) 39**7 LTv^«^5**flBf 
-f*o fcU »TLtwftv»tiB, 8 OK 

ROWtflWU #TLtv>ftif^f^l9 0i:i 
tf 0 *flc«*ctt. 3 5li, B5 

(C) KTfi-tTAV^V&Mm&A 0<O(BMfi:, ■■ 
5 (D) i^tf-^-T^^'Jf^aotf-^ 

* (OR) Xttv»-f#i*-**3HRLT. J* 9 — — ^ 
a^Oft?*Si-|^5 (G) K^^-©-^ 3££ 

iK3 5HHDC2 Krtj^Sft&rt^v^HJgM 5 

#3 3 0 'J-Wn-^RCLK41t3(i 
*>M-*o h H5 (H) K*rf«fc 

[00651 XTv-fS 19 0-Cte> C P U 8 

Z>**7 > Hi fB/<>f H Sr. 1/^^084 6 (16 
#fig) l/^^BK4 6li, 20 

it^Ufff CPU8.^ffin o ^77 

72 0 OKjiOo ^7 , ;/S 2 0 0"Cli. CPU8lt 
^f'^Sl 9 0-Cl/y^^@»4 6 (H3#JH) fc» 
ittSitfc:£7--7 !r -*ft fB/W H ^ECCiPPffliE 

(ECC-onthe fly) nTtfe*^- *g<fc *) *v>*5*»*fl 
Wfi-^o fcU ECCBPWITjEnriBT'-^fiJ: &«v>i- 
^ti^-r^^S 2 0 2 Kjft*, &\ J ttl\iATv7 2 1 0 

[0 0 6 61 XT77 p S 2 0 2tli > CPU81*. EC 
CD»«I«IDJ»6 (H1-#IR) *ra»LT±»Lfc«JP# 30 
HIE (ECC on the fly) Sr^^T-T&o XTv~f2 0 4 £ 
Jitfo ATvfS 2 0 4Tii, CP'U8it UjE^SiE 
H*7Lfc*5*«rfl«f1-*o SjEKiKTLTv^tft 
tf XT y 2 0 5 izm&, &jElZ&yLX\,*tUiXT 

7ys 2 0 6 njitro 

[0067J ^fy/S 2 0 5"Cti, CP.U8li,'RD 
BI iEO Jt jfc t % Z> -fe * * (RETRY) 

^f^l20 *c«tr o **. Fr^IU&O RET 
RY«rlft9JgU -tfi/C* V 7 h E C C J: o TfTIE^ 

Sr^hLT IftTIE^fE&T*-- * (un-correctable error) 

[00681 ^xv^S20 6tli:, hn>fcfjL- 

^it iJi^T-y 72 4 OKiitfo 7^S2 1 0 
\U ^7-r-?& \B^4 hj a*ECCiPB#sTIE (EC 
Con the fly) *im&T- 9 fi J: *) gv^T. ECCEP 
8*ttjET«i#»"C*fcv*fc». CPU8li, iaifcv so 
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7 hECC^H^ffi-^o *x y 72 2 OKiltfe 
[00691 ^T-;yS 2 2 0ffi> 7^2 1 0 "C 
2fcfrLfcV7 hECC<OfrjE**ajEr*ofc^5^Sripj 
Kf-t&p'aiE-cat^ofcfStt, ^r ^S 2 0 5 ^31 

7-/S23 0Kjttr o 7/S23 OT.tt, CPU 8 
Xry^rl/S 1 5 7 fcjl*. »7 LT: v>* i: £ ii 

^77-/S 2 4 Ofcittfo o 
[0 0 7 01 ^r77 P S 2 4 0'Cli v S^f^^I# 

*t 2 4 2 Kit 

*/s 2 4 2tii, a^c-r 

[0 0 7 11 &±K<fc»K **Jfc»«<DBPl*i?«-irjE 
(ECC on the fly) , 77 h E C CRTf£imtr<&U 

Iotx7-#ML/:»^i:, E C cm jEvSm;* 4 h 

*&o-H7 (A) lig^f^^«*2 4±Of-^7 
*-^h*r?FU H7 (B) liS»f^i7-^M 
Lfzk ^(D^CO-T- ? ~7 * h^NRZf-^S^ 
«:^L. 137 (C) 1 t 2 cOA^ii<^^ 

7-t*-^«-^L. 127 (D) IS-x-^-t'- ^ 1 , 225. 
0 f 3OA^ii^^7-T'-^^^Lx H7 (E) iii5 

(G) tRi:x7-i^LTV^ 0 

[0 0 7 2] ::tvB7 (B) li. H^^f-^ 
rt^4t^NRZX7-f-^l-3*/TltV^ 0 
-Oil, ffifrc^^- l t 2^|RCX7-f-^ ? 
H^Lfefc-r^i:. ^tL^ai^-T"-^ I t 2 **tr« 
LT 1 oox^-f-^ t'LTffliLt, W 

EI7 (C) Zfih^i£<D^7 -T- ? <Ds*<<( MS 

tt, ^- K^^rj8.a*cJ:*fiPI*BljE (ECC on the fl 
y) OdT^St/nM h^rx 9/nM h) J:i}/>/^ 

[0 0 7 3] mz. % X7-l-3^MLfctn^:, 

-&tr«*«:^t Lr»9iljE*ri-*»-fr, 17 (C) 

Ztih^kfc(D^-7 -T- ?(D;*4 /wp 
^xTftlCJ: ^^fiP^fllE (ECC on the fly) Opjfg^ 
htXi^Ktt, 77 h EC C<7).x :7-illE 
oTffi^-f Xi: *)'J?*^Wi%\$, 77hECCt:J: 
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[Slj<7)jc.9-'fl^-<0^*fe] ±2£L£«1 Ox?- f§ 
^-£$*i£»i> X7-fif2 3li, B2.CH1L-CR9! 
L?t<fc ? TA >'<;l'JfctfcII&4 O^fjOffi-f-t 8/ 
9 f a-^RVf ■ 7 >/7 3 3^tj<^»NR Zf- 
* 2 2 i fc£»t, J- 7 -flrS&JftlBtt 3 5CJ:ot4S 
Ltvio C*Lt»*»IK» NR ZK£Mttll**ifc7'-ir . 
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